Bowel cleansing is essential for a successful colonoscopy, but the ideal clearing agent and the volume have yet to be determined. A small-volume cleanser is important for patient compliance. This study aimed to compare the bowel cleansing efficacy, safety, tolerability, and acceptability of a 300-mL small-volume sodium picosulfate/magnesium citrate (PSMC) preparation-Bowklean with one 2-L polyethylene glycol (PEG)/bisacodyl-Klean-Prep/Dulcolax preparation under identical dietary recommendations. This multicenter, randomized, parallel-group, pre-specified noninferiority study enrolled 631 outpatients scheduled to undergo colonoscopy (Bowklean = 316 and Klean-Prep/ Dulcolax = 315). After bowel preparation, an independent evaluator blinded to the subject's treatment allocation rated the quality of the colon cleansing. Efficacy was evaluated using the Aronchick Scale and Ottawa Bowel Preparation Scale (OPBS). Safety was assessed by monitoring adverse events. Tolerability and acceptability were measured via a patient questionnaire. Bowklean was non-interior to Klean-Prep/Dulcolax in overall colon cleansing but was associated with significantly better preparation quality. Notably, Bowklean was associated with significantly greater tolerability and acceptability of bowel preparations than Klean-Prep/Dulcolax. Safety profiles did not differ significantly between the groups. Our data indicate that Bowklean is a more effective and better-tolerated bowel cleansing preparation before colonoscopy than Klean-Prep/Dulcolax. Bowklean may therefore increase positive attitudes toward colonoscopies and participation rates.
reported as ranging between 10% and 20% when scales are used to assess colon cleanliness [9] [10] [11] . A split-dose PEG regimen significantly improved the percentage of patients with satisfactory colon cleanliness, significantly increased patient compliance, and significantly decreased nausea 12 .
A Canadian trial comparing four bowel cleansing regiments has shown that PSMC + M (300 mL magnesium citrate) had the highest tolerability when compared with 4 L PEG, 2 L PEG + bisacodyl (20 mg), and NaP (90 mL) 13 . In terms of cleansing efficacy, 2 L PEG + bisacodyl or PSMC + M were both as efficacious as 4 L PEG and superior to NaP for bowel preparation 13 . Bisacodyl dose >10 mg can cause abdominal cramping and ischemic colitis [14] [15] [16] . In 2011, the United States Food and Drug Administration withdrew the 2 L PEG bowel cleansing kit HalfLytely containing bisacodyl 10 mg tablets, due to safety concerns of ischaemic colitis and abdominal cramping compared with the same kit using only bisacodyl 5 mg 17, 18 . In Taiwan, 2 L Klean-Prep/bisacodyl is most commonly used and PEG/ascorbic acid is not available. The introduction of a small-volume (300 mL) PSMC preparation Bowklean (Universal Integrated Corporation, Taiwan) prompted us to conduct a randomized, controlled, endoscopist-blinded study to compare the efficacy and safety of that preparation with a 2-L PEG solution Klean-Prep (Helsinn-Birex Pharmaceuticals Limited, Ireland) combined with bisacodyl 5 mg (Dulcolax, Boehringer Ingelheim, Germany).
Adequate bowel cleansing may be achieved through a variety of mechanisms and recommendations for diet and hydrations, which vary from center to center 8 . This study compared the small-volume PSMC product, Bowklean, with a split-dose, large-volume PEG product, Klean-Prep/Dulcolax, for cleansing efficacy, safety, acceptability, and tolerability under standardized dietary advice in a cohort of 631 Taiwanese patients undergoing outpatient colonoscopy.
Materials and methods
Study design and trial information. This randomized, active-controlled, evaluator-and endoscopist-blinded, multicenter phase III clinical trial (ClinicalTrials.gov Identifier: NCT01984008; first posted date: 14/11/2013) was conducted in China Medical University Hospital and Changhua Christian Hospital (Taiwan). The Institutional Review Board of China Medical University Hospital and Changhua Christian Hospital approved the study.
Sample size calculation, subject information, and selection of study participants. The method used to calculate the sample size of this study is shown in Supplementary Table 1 . A total of 631 outpatients were enrolled to obtain efficacy data. A flow chart detailing the study design and timetable of 4 visits (screening, randomization, colonoscopy, and post-colonoscopy follow-up) is depicted in Fig. 1A . The schedule of observations and procedures performed during each visit is detailed in Table 1 . After undergoing screening for inclusion and exclusion criteria in Visit 1, patients completed informed written consent forms and underwent physical examinations that assessed vital signs, signs of pregnancy, liver and renal function, and serum electrolyte levels. The inclusion and exclusion criteria of this study are presented in Supplementary Table 1 . All patients were enrolled between October 23, 2013 and March 24, 2014 and randomized to receive either the Bowklean (n = 316) or Klean-Prep/Dulcolax (n = 315) regimen. An overview of subject disposition (enrolment, randomization, study withdrawals, colonoscopy, and follow-up) is provided in Fig. 1B . Among randomized subjects, 604 patients underwent colonoscopy, 630 were in the full analysis set, 599 in the per-protocol set, and 630 in the safety analysis set. Supplementary Table 2 details patient disposition data for each treatment group for each analysis set, each visit, and study withdrawals. There were no significant between-group differences for baseline characteristics including sex, age, body mass index, weight, height, liver function, and vital signs ( Supplementary Table 3 ).
Low-residue dietary advice. During Visit 2, all subjects were rechecked for inclusion/exclusion criteria and vital signs and issued with a dietary card on the day before taking Bowklean or Klean-Prep/Ducolax ( Table 1 ). The dietary card contained detailed instructions about dietary measures to be taken and the consumption of Bowklean or Klean-Prep/Dulcolax. An unblinded study coordinator recorded the following information: (a) standard dietary advice; (b) the start time, end time, and the number of bowel movements after the first regimen of study product before colonoscopy; (c) the number of cups of liquid consumed (solution and clear water). Subjects were instructed to give the completed dietary card and an empty bag of Bowklean or Klean-Prep/ Dulcolax to the study coordinator on the day of the colonoscopy. Drug administration. Bowklean (two sachets; ingredients per sachet: 10.0 mg sodium picosulfate, 3.5 g magnesium oxide, 12.0 g anhydrous citric acid) was prepared immediately before each administration as follows: the contents of a single sachet of Bowklean were dissolved in 150 mL of water and stirred for 5 minutes. A split-dose regimen required the subjects to consume the first solution on the day before and the second one on the morning of the colonoscopy. The first sachet had to be taken during the evening before the day of the colonoscopy (about 6:00 PM), followed by 1,250 mL of clear liquids within 5 h. On the day of the colonoscopy, the second sachet of Bowklean was dissolved in 150 mL of water and consumed 5 h prior to the colonoscopy, then followed by 750 mL of clear liquids within a 2-h period.
The Klean-Prep/Dulcolax procedure (two sachets of Klean-Prep with 1 tablet of Dulcolax) required subjects to prepare Klean-Prep (ingredients per sachet: 59 g polyethylene glycol 3350, 5.685 g anhydrous sodium sulfate, 1.685 g sodium bicarbonate, 1.465 g sodium chloride, 0.7425 g potassium chloride, and 0.0494 g aspartame) immediately before each administration, by mixing one sachet with 1,000 mL of cold water, which had to be stirred thoroughly until the solution was clear. Subjects were instructed to consume one whole Dulcolax tablet (without chewing or crushing the tablet) containing bisacodyl 5 mg in the afternoon before the colonoscopy Table 1 . Schedule of the observations and procedures. *The screening and randomization visits could be conducted on the same day. a After obtaining baseline laboratory data. The subject was randomized if s/ he fulfilled the inclusion criteria. A total of 13 subjects were excluded from the study as they did not satisfy inclusion criteria. b Laboratory tests were performed after the subjects completed ingestion of investigation products and before the colonoscopy procedure. c The first dosing day was scheduled in the afternoon before the day of the colonoscopy. d Tolerability and satisfaction of the preparation was determined by a standardized questionnaire administered on the day of the colonoscopy prior to the procedure.
procedure. Starting at about 4 h after taking Dulcolax, subjects had to drink 2,000 mL of Klean-Prep solution over a 2-h period or approximately 250 mL every 15 min. Compliance with bowel cleansing was measured by subjects as the amount of study liquid consumed.
Study design and treatment. The study treatment was blinded for both the colonoscopist and evaluator for the ary analysis. After screening (Visit 1), eligible subjects were randomly assigned to Bowklean or Klean-Prep/ Dulcolax (Fig. 1B) . Each subject's participation was expected to last a maximum of 4 weeks ( Fig. 1A) . Study visits were at screening (Visit 1), randomization (Visit 2), colonoscopy (Visit 3), and at the 1-week post-colonoscopy follow-up (Visit 4) ( Fig. 1A and Table 1 ). After bowel preparation, colonoscopy (Visit 3) was performed by an experienced colonoscopist. The quality of bowel cleansing seen during colonoscopy was rated and recorded in real-time after the colonoscopy by a completely blinded independent evaluator.
Efficacy and safety outcome variables. Aronchick Scale and Ottawa Bowel Preparation Scale (OBPS)
scores were used to grade colon cleanliness 19, 20 . The primary endpoint of this study was the efficiency of colon cleansing as assessed by the Aronchick Scale, with success defined as "Excellent", or "Good" 19 . "Inadequate" was defined as <90% of the mucosa observed, with the stool presenting as a solid or semisolid mixture that could not be suctioned or washed 19 . The OPBS was used to evaluate cleansing efficacy and patients' acceptance and tolerance, which evaluated cleansing efficacy in the ascending, mid-(transverse and descending) and rectosigmoid segments of the colon 20 . OBPS score for each colon segment was graded by a 5-point scale as follows: Excellent, 0; Good, 1; Fair, 2; Poor, 3; and Inadequate, 4 20 . OBPS scores ranged from 0 to 14 (fluid scores, 0-2; and scores of ascending+mid+rectosigmoid segments, 0-12) 20 . The colonoscopist rated the overall fluid amount on a 3-point scale (where 0 = mild; 1 = moderate; 2 = large) 20 . This remnant fluid assessment score was added to the scores obtained for each colon segment to create a cumulative OBPS score. The secondary endpoint of the study was the patients' safety, acceptance, and tolerance of the two bowel cleansing preparations. Safety was assessed by monitoring adverse events at each visit. All study procedures, including efficacy and safety measurements, were performed according to the schedule described in Table 1 .
Analysis of study populations. Efficacy was analyzed for the full and the per-protocol analysis sets, which were determined by an independent review of protocol violations and deviations before database lock. The full analysis set included all randomized subjects who had been assigned to either treatment and were used for supportive analyses of efficacy endpoints. The per-protocol analysis set included patients from the full analysis set who did not violate the study inclusion/exclusion criteria. The safety analysis set included all randomized subjects who had been assigned either study treatment. The patient disposition for each analysis set is presented in Supplementary Table 2 .
Statistical analysis. The statistical analysis in this study was implemented by a contract research organization, StatPlus Inc., which used SAS ® Version 9.4; the results were approved by Taiwan's Food and Drug
Administration. For the primary efficacy endpoint, the differences in success rates (excellent or good) were calculated using the Fisher's exact test with associated exact 95% confidence intervals (CIs) 21 . Noninferiority was satisfied if the lower bound of the two-sided 95% CI for the difference in the success rate (Bowklean minus Klean-Prep/Dulcolax) was at least −9%. P values of less than 0.05 were regarded as statistically significant.
Ethical approval. This study was reviewed and approved by the Internal Review Board (IRB) of China Medical University Hospital (CMUH102-REC2-066) and Changhua Christian Hospital (130809). Study methods were conducted in accordance with the IRB committee guidelines.
Informed consent. Written informed consent was provided by all study participants.
Results
Study withdrawal rates. The study design and visit timetable (screening, randomization, colonoscopy, and post-colonoscopy follow-up) are depicted the flowchart in Fig. 1A . Study withdrawal rates were 5.1% for the Bowklean group and 4.1% for the Klean-Prep/Dulcolax group. The most commonly cited reasons for withdrawal were patient withdrawal of consent and protocol violation in the Bowklean group and patient withdrawal of consent in the Klean-Prep/Dulcolax group ( Fig. 1B and Supplementary Table 2 ).
Bowel cleansing efficacy. The primary variable of analysis was the bowel cleansing success rate, as assessed by the Aronchick Scale. In the per-protocol analysis set, the success rates (Excellent + Good) were 86.62% (n = 259) for Bowklean and 60.00% (n = 180) for Klean-Prep/Dulcolax (P < 0.0001; Table 2 ) which were consistent with the results in the full analysis set ( Table 2) . Table 3 presents the result of a robustness analysis of the dataset with logistic regression modeling including age and gender as covariates. The adjusted odds ratios were 4.296 in the per-protocol analysis set (95% CI, 2.861 to 6.452; P < 0.001) and 3.386 in the full analysis set (95% CI, 2.349 to 4.883; P < 0.001), indicating superior bowel cleansing quality with Bowklean compared with Klean-Prep/Dulcolax. In patients aged <60 years, success rates were 87.35% in Bowklean and 59.57% in Klean-Prep/Dulcolax (an adjusted between-group difference of 27.78%; P < 0.0001); corresponding values in those aged ≥60 years were 82.61% and 61.54%, respectively (an adjusted between-group difference of 21.07%; P = 0.0206; Fig. 2 ). In analyses by gender, success rates among males were 85.60% in the Bowklean group and 57.36% in the Klean-Prep/Dulcolax group (an adjusted between-group difference of 28.24%; P < 0.0001); corresponding values among females were 87.36% and 61.99%, respectively (an adjusted between-group difference of 25.37%; P < 0.0001; Fig. 2 ).
Scientific RepoRtS | (2020) 10:5604 | https://doi.org/10.1038/s41598-020-62120-w www.nature.com/scientificreports www.nature.com/scientificreports/ Ottawa bowel preparation scale (OBPS) scores. OBPS scores for the overall colon-cleansing efficacy in the per-protocol analysis set are presented in Table 4 . Mean overall OBPS scores were 2.58 in the Bowklean group (n = 299) and 4.21 in the Klean-Prep/Dulcolax group (n = 300) (P < 0.0001; Table 4 ). Bowel cleanliness was rated as excellent in a significantly higher proportion of Bowklean recipients compared with Klean-Prep/Dulcolax recipients (41.14% vs 11.33%; P < 0.0001; Table 4 ). Success rates assessed by the OBPS did not differ significantly between Bowklean and Klean-Prep/Dulcolax preparations (97.99% vs 95.33%; between-group difference, 2.66%; 95% CI, -5.33% to 10.65%; Table 4 ). As the lower bound of 95% CI exceeded -9% in the per-protocol analysis set, the noninferiority of Bowklean was declared over Klean-Prep/Dulcolax. In age-and gender-adjusted analysis, Bowklean was associated with a higher success rate, with an odds ratio of 2.413 (Table 4) , as well as a higher success rate for overall colon cleansing compared with Klean-Prep/Dulcolax (97.99% vs 95.33%; Fig. 3 ). The lower bound of the CI was >0% and the superiority of Bowklean was indicated in the cleansing of the right colon (Fig. 3) . In subgroup analysis, noninferiority was demonstrated among patients aged <60 years and among females (Fig. 3 ).
Per-protocol analysis set

Variables
Bowklean N = 299 (%) Table 5 presents an overview of adverse events that occurred during the treatment period; 7 patients in each group reported at least 1 adverse event (P = 1.0000), nearly all of which occurred only once, and were transient and mild in severity. Serious adverse events were reported in 3 patients, all of whom received Klean-Prep/Dulcolax; 2 developed hemorrhoids and 1 experienced www.nature.com/scientificreports www.nature.com/scientificreports/ a colonic injury caused by colonoscopic perforation ( Table 5 ). None of the adverse events were considered to be treatment-related. Table 6 shows the results of acceptability and tolerability in the per-protocol analysis set. Study participants reported that Bowklean was significantly easier to consume than Klean-Prep/Dulcolax (P < 0.0001) and to prepare according to the manufacturer's instructions (P = 0.0151; Table 6 ). Significantly higher proportions of patients reported having an "Excellent" or "Good" experience with Bowklean (9.36% and 87.29%, respectively) compared with those administered Klean-Prep/Dulcolax (3.33% and 77.33%, respectively; P < 0.0001; Table 6 ). The taste of Bowklean was rated as "Excellent" or "Good" by significantly higher proportions of Bowklean recipients (27.09% and 68.23%, respectively) compared with Klean-Prep/Dulcolax recipients (1.00% and 40.00%, respectively (P < 0.0001 for both comparisons; Table 6 ). Of those assigned to Bowklean, nearly all (95.99%) reported that they would choose Bowklean again, compared with less than half (44.33%) of those randomized to Klean-Prep/Dulcolax (P < 0.0001; Table 6 ). Only 4.58% of the Bowklean group versus half of Klean-Prep/ Dulcolax group (54.67%) claimed that they would refuse the preparation if offered it in the future (P < 0.0001; Table 6 ). Compliance rates were rated as excellent, good, medium, and poor in 92.1%, 3.2%, 0.3%, and 0.0% of Bowklean recipients, respectively; 4.4% were noncompliant ( Supplementary Fig. 1 ). In the Klean-Prep/Dulcolax group, compliance rates were excellent, good, medium, and poor in 87.3%, 7.3%, 1.6%, and 0.0% of recipients, respectively; the noncompliance rate was 3.8% ( Supplementary Fig. 1 ). The slightly higher rate of excellent compliance with Bowklean than with Klean-Prep/Dulcolax suggests a higher level of acceptance with Bowklean.
Discussion
Colonoscopy is an important screening and therapeutic procedure for colon cancer 22 . The quality of bowel preparation impacts on colonoscopy success 22 . Bowel preparation is a complex undertaking, involving diet modifications and laxatives that are tailored to the individual patient 23 . A large number of bowel preparations are currently available, including PSMC, PEG, magnesium citrate, and NaP products 8 . In this study, using a low-residue diet as the control factor, we found that Bowklean demonstrated noninferiority over Klean-Prep/Dulcolax for overall colon cleansing and was associated with superior success rates, as determined by Aronchick Scale and OBPS scores. Bowklean also had a favorable safety profile, better tolerability, acceptability, and compliance. Compared with subjects assigned to Klean-Prep/Dulcolax, Bowklean recipients rated this preparation as easier to consume and were more willing to take the same preparation for any future colonoscopy.
Bowel preparations may cause adverse events. Between 1997 and 2002, the United States Food and Drug Administration received 100 reports of adverse events with PEG solutions, including 30 serious and 6 fatal events 24 . In the United Kingdom between 1995 and 2001, Ferring Pharmaceuticals Ltd. (United Kingdom) described 21 adverse events relating to the PSMC preparation (Picolax), including 5 serious adverse events, but no fatalities 25 . In the present study, treatment-related adverse events were reported less frequently by Bowklean recipients than by Klean-Prep/Dulcolax-treated patients. In both study groups, adverse events were mostly transient and mild in severity, similar to those reported with other commercially available bowel preparation reagents.
Ideally, colon cleansing preparations should have the following characteristics: (a) offer convenience for the patient; (b) be tolerable; (c) cause minimal distress; (d) be safe across different patient populations 26 American College of Gastroenterology recommends the use of a split-dose bowel regimen to improve the quality of colonoscopy and reduce the potential for suboptimal bowel preparation, which can lead to missed diagnoses, particularly of small lesions, and can increase costs due to aborted examinations or earlier rescreening because of poor visualization of the mucosa 9,10,27 . One report, consisting of 93,004 colonoscopies suggests that inadequate preparation quality hinders the detection of smaller lesions and has a negligible impact on the detection of larger lesions 10 . The small sample size in our study prevents any meaningful analysis of a relationship between bowel preparation quality and colonoscopic detection of suspected colonic neoplasia. Of 25 studies that have compared PEG preparations with PSMC preparations, the PEG solutions differed (2-4 L), as did the methods of PSMC dosing (2 or 3 packages), and dosing strategies 21 . In the present study, the colon cleansing results with Bowklean are similar to those previously reported with PSMC (Prepopik) 28, 29 . In 2 studies, each involving around 600 patients, split-dose administration of Prepopik achieved the primary endpoint (successful colon cleansing) and demonstrated noninferiority over single-dose 2 L PEG/bisacodyl 28, 29 . Prepopik also demonstrated statistical superiority over the 2-L PEG preparation of-HalfLytely plus bisacodyl tablet bowel preparation kit (Braintree Laboratories, Inc, MA) 28, 29 . In a study that included 341 patients, a PSMC preparation (Picoprep, Ferring B.V., The Netherlands) proved to be noninferior for efficacy and safety to an ascorbic acid-enriched PEG solution (Moviprep, Norgine, UK) plus bisacodyl 21 . In a clinical trial involving 68 patients, 3 sachets (16.5 g each) of PSMG preparation was found to be better tolerated, had significantly fewer side effects, and resulted in higher-quality bowel cleansing than a 3-L PEG preparation 30 . In 2012, a Korean study reported the outcomes of comparison between PSMC (Picolight, 94 Korean subjects) plus a low-residue diet with the standard bowel preparation of 4 L PEG solution (90 Korean subjects) on bowel preparation efficacy and patient satisfaction 31 . Bowel preparation with PSMC plus a low-residue diet enhanced colon cleansing and was better tolerated than 4 L PEG 31 . In the present study, all participants were Taiwanese and issued with standard dietary advice, as a means of reducing the effect of different dietary patterns.
The limitation of this study is that it was double-blinded, with the colonoscopist blinded as to individual treatment assignment (for performing colonoscopies) and an independent evaluator who was blinded for the primary analysis. Normally, two evaluators are required. This study employed only one evaluator to ensure that one fully trained evaluator in Aronchick Scale and OBPS scoring would evaluate each patient with the same criteria. To avoid bias, further study should employ two evaluators to compare the efficacy, tolerability, and safety of Bowklean with that of Klean-Prep/Dulcolax.
Variables
Bowklean N = 299 (%) Table 6 . Acceptability and tolerability (the per-protocol analysis set). # P-values were determined using the Mantel-Haenszel Test based on Ridit scores. $ P-values were determined using the Fisher's exact test.
